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To establish the relationship between air pollution levels and bronchial asthma-associated emergency room (ER) 
visits, we adapted artificial network technology to conduct this study which focused on three different pollutants, 
sulphur dioxide, nitrogen oxide and ozone. The study population was comprised of adults presenting to the 
emergency room of a large metropolitan hospital in Israel during a 3-month period with acute exacerbation of 
bronchial asthma and who had a past history of intermittent airway disease compatible with bronchial asthma. The 
range of mean daily pollutants levels for the \a:hole period were: O,= 15-26pg m-‘, NO,=36-10X pug m- 3, 
NO=16-70~gm~3,andS0,=11~32~gm-3. The data sets were composed of input air pollution levels and output 
ER visits. The first 126 data sets used for the training phase showed that maximal ER visits were mainly associated 
with the highest cumulative values of air pollution and mostly with nitrogen oxide. In phase two, an attempt was 
made to predict ER visits based on air pollution level in 49 data sets. The study findings demonstrated that ordinary 
network technology can be used for learning the effect of air pollution ER visits and, although limited in accuracy, 
to also predict future ER visits. 
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Introduction 
Asthma is a chronic respiratory disease characterized 
by airway inflammation and intermittent episodes of 
bronchospasm which can be produced by a variety of 
stimuli, including air pollution (l-3). Investigating the role 
of indoor and outdoor pollution in causing or aggravating 
asthma poses diverse and complex challenges for 
researchers. Two general lines of investigation are com- 
monly followed: the experimental one involving controlled 
exposures of volunteers to pollutants (4) and the epidemio- 
logical one which assesses the consequences of exposure as 
they occur in the community (5). 
The prevalence of asthma and the frequency of 
symptoms were documented as being higher in polluted 
than non-polluted areas (6,7), and a correlation of symp- 
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toms with specific concentrations, e.g. sulphur dioxide and 
nitrogen dioxide, has been shown experimentally (8) using 
population-level indicators of morbidity. Schwartz et al. (9) 
assembled daily records of emergency room visits for 
asthma from eight hospitals in the Seattle (Washington, 
U.S.A.) area and examined the effect of ambient concen- 
tration of inhalable particulate matter on the daily counts. 
Rossi et al. (10) examined the relationship between asthma- 
related emergency room (ER) visits and the meteorological, 
aerobiological and chemical characteristics of the outdoor 
air. Increased levels of pollutants, especially NO,, were 
significantly associated with attacks of asthma. Similar 
conclusions were reported by Higgins et al. (11) and 
Forsberg et al. (12). 
Many sophisticated expert systems have been successfully 
applied to the field of medicine (13), but few were tried in 
evaluating a common disease such as bronchial asthma. 
Artificial neural networks (14) are computerized represen- 
tations of the structure and behavior of real neurons. Like 
the brain, they can recognize patterns and data as well as 
learn. The artificial networks are made up of objects 
(‘units’) which represent the bodies of the neurons. The 
0 1998 W. B. SAUNDERS COMPANY LTD 
1200 A.NUTMAN ETAL 
units are connected by links which act as the axons and 
dendrites of the nervous system. The link multiplies the 
output from a unit by a weighing factor, a value analogous 
to the connection strength of a synapse. The link then 
passes the weighted output to another unit, which sums up 
the values passed to it by all other incoming links. Learning 
is thought to occur in the synapses of neurons as the 
strengths of the connections between the synapses 
change. In artificial networks, the learning occurs when the 
weighting factors on the links change. 
There are several ways to train an artificial neural 
network, and one of the most successful training methods, 
especially for use in medicine, is the back-propagation 
algorithm in which a data set is comprised of an 
input-output pair (14,15). 
In a study of Moseholm et al. (16), the neural network 
was applied for evaluating the air pollution effect in two 
different Danish cities. They concluded that increased levels 
of SO, and NO, corresponded to decreased peak flow rates 
in asthmatic patients. 
The purpose of this study was to examine, by means of 
neural network technology, the relationship between the 
ER visits because of bronchial asthma and air pollu- 
tion and, using the same system, to attempt to predict 
asthma-related ER visits based on pollution levels. 
Patients and Methods 
The records of all Tel-Aviv Sourasky Medical Center ER 
visits from September 1993 to November 1993 were 
reviewed. Adult patients (aged 15-75 years) who were 
admitted with acute exacerbation of bronchial asthma and 
who had a past history of intermittent airway disease 
compatible with bronchial asthma were included in this 
study. The chest X-rays which were done on all the patients 
excluded pneumonic or cardiac disease, and EKG was 
carried out on specific cases when indicated. All the patients 
received inhalation of salbutamol (2.5 mg with 2 ml saline) 
together with iv. aminophylline (250 mg) and methyl- 
prednisolone (125 mg). All the patients had substantial 
symptom relief during the 15-60 min following the onset of 
therapy. 
POLLUTION 
Nitrogen oxide (NO, NO,), sulphur dioxide (SO,) and 
ozone (0,) were measured at three sites around municipal 
Tel-Aviv. Measurement methods for the pollutants and 
station location met the recommendations of the Israeli 
National Environmental Protection Office. The sampling 
height was around 5 m above ground. We calculated the 
following levels from measurements which were made at 
30 min intervals: mean daily concentrations (M), peak daily 
level (P) and the weekly sum of the mean daily concen- 
trations (W’S). We propose that this form of calculation 
represents acute (M and P) and cumulative exposure 
WS). 
NEURAL NETWORK 
In this study, we used a homemade back-propagation 
algorithm to study the correlation between ER visits from 
asthma and levels of air pollutants. The back-propagation 
algorithm interconnects equations which accept input data 
and calculate the output using non-linear least-mean 
squares analysis (14). Each data set includes an input of air 
pollution corresponding to a certain day and a specific area 
and a matching output of ER visits. In this study, ER visits 
were divided according to the three air sampling sites and 
were expressed as the number of patients, ranging from 0 to 
5, seen at the ER for each location. A total of 126 data sets 
were used in the training phase, following which we exam- 
ined the prediction capability of the trained neural network. 
This was done by feeding the network with new inputs of 
air pollution and comparing the output (number) of ER 
visits yielded by the trained neural network to the actual 
number of ER visits. The network topology which gave the 
best results was composed of four layers. The input layer 
included 12 input units (based on three categories for each 
of the pollutants). There was an output layer composed 
from one unit (for the ER visits) and two hidden layers, one 
including 10 units and the other five units. 
Results 
PHASE ONE: TRAINING THE NEURAL 
NETWORK 
The back-propagation algorithm was able to train the 
neural network to an average error of 3%. Thirty-six of the 
data sets which were also included in the training phase 
bore an error of greater than 5%. The range of mean daily 
pollutants levels for the whole period were: O,, = 15-26,~g 
m p3, NO,=36-108pg mp3, NO=16-70pg mp3, and 
SO,=ll-32,~g me3. The highest, lowest and average air 
pollution levels of the trained neural network’s predictions 
were examined for each possible combination. Of the three 
theoretical possible combinations of air pollution values 
(total=531 441) 80 882 combinations were predicted to 
cause the maximum (i.e. five) ER visits recorded. Among 
these 80,882 combinations, the frequency of each air 
pollutant having the highest value was examined (Fig. 1). 
More days with the highest NO, values of the previous 
weekly sum of mean daily values were associated with the 
maximal rate of ER visits: in 75% of the days with five ER 
visits, the previous mean weekly sum was the highest. A 
similar but weaker association was seen for SO, and NO. 
The peak concentration for 0, and SO, was shown to be 
significantly lower than for NO and NO, (BO.05 for 0, 
and SO,). 
PHASE TWO; EXAMINING THE NETWORK’S 
PREDICTION CAPABILITIES 
Forty-nine new data sets taken from a 1 month period 
immediately following Phase One were examined. The 
range of mean air pollution levels were similar to those in 
NO, NO so2 
FIG. 1. Frequency of high level air pollutants causing 
maximal emergency room visits. (0) Mean; (W), peak; 
@I), week sum. 
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FIG. 2. Histogram of the prediction error (percent of data 
sets) during Phase Two of the study. 
Phase One. The inputs were fed into the trained neural 
network and the predicted output produced by the network 
was compared to the actual output. The error of the 
prediction is shown in Fig. 2. In 18.4% of the 49 data sets 
the network was completely accurate, in an additional 
28.6% there was an error of one ER visit. 
Discussion 
Using an artificial neural computerized statistical program, 
we found a correlation between ER visits to a large 
metropolitan hospital in Tel-Aviv and three air pollutants, 
nitrous oxide, sulphur oxide and ozone. An artificial net- 
work consists of a set of processing units which stimulate 
neurons and are interconnected via sets of ‘weights’. The 
input and the output modes are linked by hidden layers. 
The commonest learning mechanism is ‘back propagation’, 
which attempts to minimize the mean square output error 
over the entire training set. The output of the network, 
when fed with the input data, is compared with the true 
output and the error is propagated backwards through the 
network, altering the weight of the connections between the 
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network elements to reduce the mean-square error in order 
to make the network’s response closer to the correct one on 
the next attempt. 
In Phase One of our study, there were 126 data sets used 
in the training phase, with air pollution being expressed as 
mean, normal and weekly sums. It was subsequently shown 
that the maximal ER visits were mostly associated with 
the highest cumulative values of air pollution (i.e. previous 
weekly sum). This was mostly seen with NO,, since the 
weekly sum of NO, was the highest in 75% of the 
maximal ER visits. Thus far, such an artificial network was 
used successfully in the prospective validation of acute 
myocardial infarction (17). 
In adults, many experimental studies have been con- 
ducted showing, on average, a small increase in airway 
reactivity to inhaled NO, (18). Two recent reports showed 
that NO, alone (19) or in combination with SO, (20) at a 
concentration that may be encountered in daily life, height- 
ened the bronchoconstrictive response to inhaled house 
dust mites in patients with asthma. In an in vitro study, 
Devalia et al. (21) found that exposure to NO, caused 
bronchial epithelial dysfunction. Concurrent exposures to 
different air pollutants were shown to be capable of induc- 
ing significant inflammation and increase the reactivity of 
asthmatic airways to a wide range of triggers. The epi- 
demiology of asthma has several puzzling features, the 
understanding of which could shed light on the causation of 
the disease (22). Using back propagation, Moseholm et al. 
(16) studied 27 non-allergic asthmatic patients and the 
effects of various parameters, including pollutants, on peak 
Aow rate during an s-month period. One of their major 
findings was that even relatively low pollution levels can 
adversely affect disease activity. They reported that 
increased levels of SO, and NO, correspond synergistically 
to decreased air flows at levels above 40 pg m - 3. In our 
study, we did not follow patients individually, and therefore 
our design and data sets were built in a different fashion 
from theirs. In any event, our results were similar to theirs, 
clearly showing an adverse effect of air pollution levels, 
mainly NO,, on ER visits. 
Surveys of asthma from all parts of the world, including 
Israel (23), have shown a rise in prevalence rate of the 
disease. The cause of this increase in prevalence rate and 
severity of the disease (e.g. ER visits, hospitalizations) and 
mortality is not yet clear, but air quality can reasonably be 
considered as a possible cause. In support of this working 
hypothesis is the finding that a high cumulative dose of 
pollutants is well correlated with ER visits: indeed, a high 
cumulative dose implies intensive exposure to a high level of 
the pollutant. The use of a neural network for the study of 
this correlation also enables us to apply the system for 
predicting future ER visits. Although our system admit- 
tedly could not be considered as being precise, total error 
reached only one ER visit in 47% of the data sets and the 
error reached only two ER visits (from a total of five visits) 
in 71.5% of the data sets. It is speculated that more accurate 
predictions can be achieved with large numbers of data sets 
or, alternatively, with more accurate monitoring of the 
pollutants which would reflect real levels of exposure of 
each patient. 
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The ability to predict increases in asthma morbidity can 
assist the health care system and the patient in improved 
management of the disease. 
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